In the present study, fluorescence in situ hybridization (FISH) was employed to determine the chromosomal location of genes 18S rDNA and 5S rDNA in four rainbow trout stocks. In specimens from the stocks of Núcleo Experimental de Salmonicultura de Campos do Jordão and Gavião river, 18S genes were located at a subterminal position in the long arms of two submetacentric chromosomes, whereas in specimens from stocks of Mount Shasta and Teresópolis they were found in the short arms. In all analyzed stocks, 5S genes were located in two chromosome pairs. In a subtelocentric pair, 5S genes were present in the short arms and, in the other submetacentric pair, 5S genes were at an interstitial position. In the latter, 18S and 5S genes were contiguous. Taking into account that both 18S and 5S rDNA genes have been localized in the short arm of a submetacentric chromosome in almost all rainbow trout samples so far studied, the presence of such genes in the long arm, as seen in the samples from Núcleo Experimental de Salmonicultura de Campos do Jordão and Gavião river, supports the hypothesis of a pericentric inversion involving this chromosome segment in the ancestor line of these stocks. The observed polymorphism allowed the identification of a very useful genomic marker, and may therefore constitute an important tool in the genetic management of rainbow trout stocks.
Fluorescence in situ hybridization (FISH) with ribosomal probes has been frequently used to locate nucleolar organizer regions (NORs) in fish chromosomes. To date, the information gathered generally confirms, and complements the results obtained by other techniques (Pendás et al. 1993a , Reed and Phillips 1995 , Castro et al. 1997 , Rossi et al. 1997 . Fujiwara et al. (1998) reported that in the rainbow trout, Oncorhynchus mykiss, one chromosome pair contained the major rDNA genes (18Sϩ5.8Sϩ28S) and two chromosome pairs presented the minor rDNA genes (5S). Both major and minor genes were observed to be contiguously arranged in one of these chromosome pairs.
In the Atlantic salmon, Salmo salar, the FISH technique was used to show that probes for the major rDNA genes hybridize with the whole heterochromatic arms of the chromosomes bearing a secondary constriction. Previous studies using the Ag-NOR staining technique, suggested that NORs were restricted to that secondary constriction (Pendás et al. 1993a) . Genes for the major rDNA were mapped in the brown trout (Salmo trutta) chromosomes using the FISH technique and indicate the presence of a main NOR-bearing chromosome, confirming the results obtained with the Ag-NOR staining technique (Pendás et al. 1993b ). This study also showed the presence of eight other chromosome pairs bearing minor NORs. The authors discussed the presence of those smaller NORs in heterochromatic regions and concluded that the results obtained by using fluorochromes, such as the chromomycin A 3 (widely used to identify active and inactive NORs in fish), should be interpreted with caution for this fluorochrome failed to identify the smaller NORs which were identified by the FISH technique.
The rainbow trout is an intensively reared species, with artificial populations worldwide spread, except in Antarctica (Hershberger 1992) . Natural populations are found in western North America, from southern Alaska to southern Oregon and California. This and some other species of salmonids have been successfully introduced in Africa, South America, Australia and New Zealand (MacCrimmon 1971) . In Brazil, the rainbow trout has been extensively cultivated since its introduction in 1949 (Faria 1953) , from stocks imported at different times from different suppliers in the United States of America and other countries.
In this study, the fluorescence in situ hybridization technique was used to determine the chromosomal localization of the 18S and 5S rDNA genes in specimens from four rainbow trout stocks introduced in Brazil.
Materials and methods
Three samples of rainbow trout (Oncorhynchus mykiss), obtained from cultivated stocks and one sample composed of individuals captured in the wild (naturalized) were studied (Table 1) .
All specimens were submitted to cytogenetic analysis by the direct cell suspension method with kidney cells (Foresti et al. 1993) . Before sacrifice, the animals were inoculated with a yeast cell suspension to increase the number of metaphase cells (Lozano et al. 1988) . The procedure used to identify the nucleolar organizer regions (NORs) was that originally described by Howell and Black (1980) . For FISH analysis, two rDNA sequences, 18S (about 1800 base pairs) and 5S (about 120 base pairs), isolated from Oreochromis niloticus, were used following the technique described by Porto-Foresti et al. (2002) .
Results and discussion
The identification of 18S rDNA genes by the FISH technique evidenced that the chromosomes of the specimens from Núcleo Experimental de Campos do Jordão presented either a single (N1 condition) or a double mark (N2 condition) at a subterminal position in the long arm of a submetacentric chromosome, enabling the identification of N1N1 and N1N2 phenotypes (Fig. 1a, b) , as described by Oliveira et al. (1996) using the Ag-NOR staining technique. The specimens collected from the Gavião river, exhibited this same pattern of NORs distribution (Fig. 1c) .
Individuals from the Mount Shasta and Teresópolis stocks, presented the 18S rDNA genes in the short arm of a submetacentric chromosome pair (Fig. 1d, e) . However, in some specimens from Teresópolis, 18S rDNA genes were located in the short arm of a submetacentric chromosomes and in the long arm of other submetacentric chromosome (Fig. 1f) . The particular NOR phenotypes observed in those individuals suggest the occurrence of hybridization between the individuals from a newly introduced stocks (Teresópolis) and those from the Campos do Jordão stock. The results obtained with the 5S rDNA probes showed the occurrence of two chromosome pairs bearing these genes in all stocks analyzed, as described by Fujiwara et al. (1998) . One 5S rDNA cluster was identified in the short arms of a subtelocentric chromosome pair and a second cluster was identified at an interstitial position in a submetacentric pair. In the latter, 18S and 5S genes were contiguously arranged as previously reported by Fujiwara et al. (1998) .
In the subtelocentric chromosome pair, in which a mark was observed in the pericentromeric region, there were no detectable differences in the samples. On the other hand, in the specimens from Núcleo Experimental de Campos do Jordão and the Gavião river, signals were observed in the interstitial region on the long arm of a chromosome pair (Fig. 2a, b) . In individuals from Mount Shasta and Teresópolis, marks were detected at a subterminal position in the short arm of a submetacentric chromosome pair (Fig. 2c, d ). In some fish from Teresópolis, it was also observed that marks evidenced by the 5S rDNA probe were localized at different positions in a submetacentric chromosome pair. One of those marks was seen at a subterminal position in the short arm, while the other one was found at a subterminal position in the long arm (Fig. 2e) .
The different NOR localizations observed suggest that a pericentric inversion took place and presumably involved the chromosome segment containing both 18S rDNA and 5S rDNA genes. The existence of a polymorphism in some specimens from the Teresópolis stock suggests the occurrence of hybridization between individuals from the original imported stock and specimens from Núcleo Experimental de Salmonicultura de Campos do Jordão.
The data obtained from the Gavião river specimens support the hypothesis that the stock employed during the introduction program conducted in 1962 with fish from California (MacCrimmon 1971) was also used to supply Núcleo Experimental de Salmonicultura de Campos do Jordão.
The polymorphism observed in the examined samples constitutes an important tool to be used as a genomic marker in this species. The technique showed to be useful either in the identification of both reared and naturalized stocks, and could be also used to monitor new imported stocks introduced in this region in the future.
